The objective of this study was to determine the intrinsic capacity of heart and liver to utilize lactate in porcine breeds of varying degrees of stress-susceptibility. Experimental animals were stress susceptible Pietrain barrows (Px P), stress resistant Minnesota No. 1 barrows (Mx M) and barrows from reciprocal crosses of these breeds (P• and M• P). Parameters of postmortem muscle quality generally characterized P• M pigs as exhibiting values intermediate between the pale, soft, exudative musculature of P• P pigs and the normal morphology of the Mx M breed. Muscle quality in M• P pigs tended to be close to M• pigs. No significant differences were noted for the capacity of cardiac muscle to convert lactate to CO2 expressed as micromoles CO2 per gram per hour, or on a total heart weight basis. CO2 production from lactate by liver expressed as micromoles CO2 per gram liver per hour was higher (P<.05) in Px P than Mx P and Px M but not significantly different from MxM; MxM exceeded (P<.05) MxP. Expressed as micromoles CO2 per total liver per hour, Px P pigs exceeded Px M and MX P (P<.05) but were not significantly greater than MxM. It was concluded that lactic acidosis during the stress syndrome is not related to deficient hepatic or cardiac utilization of lactate since the stress susceptible PxP pigs ranked high in both characteristics.
INTRODUCTION
Four serious physiological disorders, Porcine Stress Syndrome (PSS), Porcine and lluman Malignant Hyperthermia (PMIt and HMIt), and pale, soft, exudative (PSE) muscle in swine carcasses, have several features in common. PSE muscle is caused by rapid postmortem myolactosis (Briskey, 1964) and is commonly observed in carcasses of pigs that are susceptible to PSS. PSS is evident when animals exposed to a stressor display progressive dyspnea, increased body temperature and collapse, often followed shortly by death (Nelson, 1973) . Although cause of death is unknown, it is due probably to the effects of severe hyperthermia, metabolic acidosis and blood electrolyte disturbances including hyperkalemia and hypercalcemia (Jones et al., 1973) . These same deviations from normal metabolism are observed in IIMtt and PMH (Waltemath, 1973; Williams, 1974; Jones et al., 1973) .
Because the severity of hyperlactemia is of obvious importance in stress-or halothane-triggered death in susceptible human and porcine individuals, it is important to determine the ability of peripheral tissues to utilize lactate and thereby provide some "buffering" action during episodes of severe lactic acidosis. These tissues would include heart and liver (Best and Taylor, 1961) , kidney (Yudkin and Cohen, 1975) and adipose tissue (O'ltea and Leveille, 1969) . Several studies have demonstrated that stress susceptible pigs exhibit lower heart and liver weight per unit of muscle (lactate producing tissue) than stress resistant animals (Elizondo et al., 1976 a,b; Unshelm et al., 1971) . Moreover, Brucker et al. (1973) demonstrated differences in in vitro effects of halothane on liver mitochondrial succinate (+ rotenone) oxidation between PMH-positive and PMH-negative pigs. In situ studies demonstrated pronounced changes in liver endoplasmic reticulum during halothane-induced muscle rigor (13rucker et al., 1973) . 1211 JOURNAL OF ANIMAL SCIENCE, Vol. 43, No. 6 (1976) The objective of the present experiment was to determine the capacity of cardiac muscle to metabolize lactate to CO2 and to assess the capacity of liver to convert lactate to glucose and CO2 in pigs of contrasting degrees of stress susceptibility, it was desired to determine intrinsic capabilities for the foregoing metabolic transformations and therefore anaesthetic or drug treatments were avoided.
EXPERIMENTAL
Twenty-four barrows, 80 to 100 kg live weight, were used in this study. The breed groups were selected to represent a wide range in stress susceptibility. The following evidence is cited to establish the fact that the Pietrain pigs (P• P) were stress-susceptible and the Minn. No. 1 pigs (MXM) were stress-resistant. The incidence of halothane sensitivity in Px P is 88% (Hwang, 1976) ; in MX M, the incidence is 0% (unpublished data). The incidence of acute stress-related death losses in PX P is 8%; in Mx M it is 0% (unpublished data). Elizondo et al. (1976 a,b) and Hwang (1976) have demonstrated that Px P pigs exhibit rapid rates of postmortem glycolysis and a high percentage of PSE carcasses. Mx M l~igs exhibit the opposite characteristics (Elizondo et al., 1976 a,b) . In terms of quantitative carcass characteristics P• P pigs are lean and muscular; MXM pigs exhibit the opposite body type (Elizondo et al., 1976 a,b) . The number of animals in each group were: Px P, 6; Pietrain • Minn. No. 1 (Px M), 6; Minn. No. 1 x Pietrain (MXP), 6; and MXM, 6. For each breed group, the breed of sire is listed first followed by the breed of dam. Animals were transported to the University of Minnesota Meat Science Laboratory 24 hr prior to slaughter, a distance of approximately 40 kin, where they were allowed to rest overnight. They were permitted free access to water but no feed was allowed during the 24-hr period immediately preceding slaughter. Using the same antemortem treatment, Elizondo et al. (1976 a,b) noted 0% incidence of dark muscle due to antemortem glycogen depletion.
The pigs were moved from the holding area individually and placed in a restrainer where they were electrically immobilized and then bled by severing the carotid artery and jugular vein. Although it was not possible to completely avoid stress and its associated lactic acidosis, the muscle trauma and alterations in blood chemistry were less severe than during halothane anaesthesia. A small sample of blood from the carotid artery was obtained immediately in a heparinized tube for pH determination. None of the pH values was in the range of severe lactic acidosis recorded during halothane anesthesia of halothane-sensitive pigs (Williams, 1974) . The livers and hearts were removed after the carcasses had been dehaired but in no instance did the time lapse between stunning and removal of these organs exceed 20 minutes.
Livers and hearts were trimmed of adhering fat and connective tissue and clotted blood was removed from the hearts prior to organ weight determination. Samples were arbitrarily selected from the left ventricle wall of the heart and from the left lateral lobe of the liver and were placed in .154 M KCI at 4 C. Liver and heart pll at 20 min postmortem was determined by probe electrode on other samples from the left lateral lobe and the left ventricle wall, respectively.
To determine lactate conversion to CO2, tissue slices of cardiac muscle and liver weighing 75 to 125 mg were cut with a Stadie-Riggs microtome. Slices were placed in 25 ml Edenmeyer flasks in calcium-free Krebs-Ringer-phosphate buffer, pH 7.4 (Umbreit et al., 1964) , containing 20 gtmoles of D,L-sodium lactate per ml, final volume of 3 milliliters. This concentration resulted in the maximum velocity (Vma x) for CO2 production. The Krebs-Ringer-phosphate buffer was gassed with 95% 02, 5% CO2 for 15 min at 4 C before it was dispensed into incubation flasks. Also, each flask contained .5 /ac of D,L-lactate-2JaC, sodium salt (Amersham/Searle, specific activity 29 mCi/mole). A shell glass vial, 12 x 35 mm, containing a 1 cm 2 piece of Whatman No. 1 filter was also placed in each flask and the flasks were gassed with 95% O2, 5% CO2 for 15 sec and then sealed with rubber serum stoppers (Addis and Allen, 1970) . Controls consisted of tissue slices incubated in the absence of lactate and other slices in which the incubation was stopped at zero time.
Flasks were incubated at 37 C in a water bath equipped with a reciprocating shaker operating at 60 cycles per minute. Cardiac muscle samples were incubated for 1 hr and liver samples for 2 hours. Immediately before stopping the reaction, .1 ml of NCS solubilizer (Amersham/Searle) was injected with a glass syringe and 18 gauge needle into the shell glass vial. The reaction was then stopped with .5 ml of 10 N sulfuric acid. Flasks were then left at 37 C for an additional 2 hr to allow for trapping of CO2. The filter paper was removed from the shell glass vial and placed in a scintillation vial along with 10 ml of toluene based scintillator. Carbon dioxide-14C produced from lactate was counted in a Beckman Model LS-250 Liquid Scintillation counter. The efficiency of trapping carbon dioxide by this technique was 90% as determined with sodium carbonate-14C. For calculation of results, equal rates were assumed for conversion of each of the three lactate carbons to CO2.
Conversion of lactate to glucose was also determined in liver slices. Procedures used were the same as those described above with the following exceptions. Lactate-2 -I 4 C was omitted from the incubation medium and shell glass vials with filter paper were not inserted into the incubation flasks. The reaction was stopped by addition of perchloric acid to a final concentration of 5% followed by brief homogenization with a Polytron homogenizer (4 C) and centrifugation of the bomogenate at 1,200 xg, 4 C for 4.0 minutes. The supernatant was neutralized with 30% KOlt and analyzed for glucose (Stein, 1965) . Initial free glucose concentration in the liver was determined by extracting unincubated tissue slices with perchloric acid as described for incubated slices. Liver glycogen levels were not quantitated. It is possible that some of the glucose measured was the result of glycogen breakdown. If breed group differences existed with respect initial glycogen content there conceivably could have been a breed-group effect on glucose formation from glycogen.
At 20 min postmortem, samples were obtained from the left longissimus muscle for determination of muscle pH (probe) and response to electrical stimulation (Ma et al., 1971) . Excitability threshold voltage and duration of contractility were determined on duplicate strips of longissirnus muscle (length, 4 cm; transverse area, I cm 2). Duration was measured at 130v using a stimulation frequency of 2/see and stimulus duration of .1 m second. At 24 h postmortem color, structure and marbling scores (5-point Wisconsin scale) were subjectively assessed on the longissimus muscle and muscle pH was determined. Statistical analyses were performed by analysis of variance and using Duncan's Multiple Range Test (Steel and Torrie, 1960) to test for difference among breed group means.
RESULTS AND DISCUSSION
Purebred Pietrain (Px P) pigs used in this study had more rapid rates of postmortem glycolysis compared to the other groups, as indicated by longissimus muscle pH at 20 min, and produced carcasses with inferior muscle quality (table 1). At 20 min postmortem, longissimus muscle strips from P• P pigs would not contract when stimulated at the maximum voltage available with the instrument used in this study. Thus, in table 1, the maximum voltage was listed as 130 mv and the duration of contractility was recorded as zero seconds. These data indicate that muscles of purebred Pietrain pigs experienced a very rapid onset of rigor mortis (Forrest et al., 1966) . A rapid rate of postmortem glycolysis, early onset of rigor morris, and pale, soft, watery muscle are distinguishing characteristics of carcasses produced by stress Susceptible pigs (Sybesma, 1972; Judge, 1972; Topel, 1972) . It also has been established that stress susceptible pigs may produce carcasses with normal or dark, firm, ' ' means within a variable having different superscripts are significant, P<.05. dry musculature (Topel, 1972 ) but such was not the case in this study as evidenced by the low 24 hr postmortem pH values (table 1) . The P• P pigs used in this study exhibited the visual indications of stress susceptibility as described by Judge (1972) . They were not tested with halothane anesthesia. However, full sib and half sib Pietrains to those used in the present experiment were subjected to halothane and more than 88% of the animals tested (Hwang, 1976 ) exhibited symptoms of malignant hyperthermia and muscle rigidity (Eikelenboom and Minkema, 1974; Hall et aL, 1966) . It was concluded, based on these results and the studies of Elizondo et al. (1976 a,b) , that the P• P pigs in this study were stress susceptible.
Purebred Minnesota No. 1 pigs did not demonstrate any characteristics of stress susceptibility nor have they been found to be halothane sensitive (unpublisbed data). M• pigs exhibited slow rates of postmortem muscle glycolysis and normal muscle color and structure (Elizondo et al., 1976 a,b) . P• M and M• P groups tended to be intermediate between M• and P• pigs in these parameters, a finding in agreement with the results of Elizondo et al. (1976 a,b) .
Anirrials were subjected to the minimum amount of stress possible immediately prior to slaughter in an attempt to decrease the degree of lactic acidosis. The pH of blood collected at exsanguination was lower than physiologically normal values of 7.4. This indicates there was probably some degree of lactic acid and CO2 accumulation in the bi6od. Blood lactate and pCO2 at exsanguination were not measured. However, mean pH in the blood samples collected did not fall below 7.i, and there were no significant differences between the four groups of animals (data not presented), indicating that the animals experienced similar degrees of acidosis at slaughter.
In order to salvage carcasses, the thoracic cavity could not be opened until the carcasses had been dehaired and washed. This required 20 min from time of stunning. At time of excision, heart pH had declined to 5.9 to 6.0 while liver pH was 6.7 to 6.8. The pH of heart and liver did not differ among groups of animals (table 2) . A preliminary experiment demonstrated that lactate oxidation to CO2 was similar in heart and liver slices that were excised at approximately 4 rain post-stunning as compared to identical samples removed 20 rain after stunning. The organs remained at 38 C in the body cavity between the two sampling periods in this preliminary experiment.
The MXP pigs had greater heart weights (P<.05) than other groups but PxP and MxM did not differ (data not presented). While no statistically significant differences were observed in liver weights, the P• Pgroup tended to have smaller livers. Heart and liver weights were expressed per unit of ham plus loin. P• P and Px M pigs had significantly smaller hearts per kilogram ham plus loin than MX M and MX P and liver weight per kilogram ham plus loin was lower (P<.05) for Px P, P• MX P compared to Mx M (table 2). This indicates that pigs with Pietrain breeding had less lactic acid utilizing tissue per unit of lactic acid producing muscle tissue. This observation is in agreement with those of Elizondo et al. (1976a,b) .
The rate of lactate conversion to glucose by liver slices did not vary significantly among breed groups (table 3) . CO2 production from lactate by liver slices was lower in reciprocal crosses than in either purebred Pietrain or Minnesota No. 1. HoWever, there were no differences between PXP vs M• pigs when CO2 production was expressed per gram of liver, on a total organ basis, per kilogram of body weight, or per kilogram of ham and loin.
There were no differences among breed C#moles lactate converted to CO~ or glucose/g wet tissue. d t~moles lactate converted to CO 2 or glucose/g liver or heart • total liver or heart weight (g).
e'f'gMeans within a variable having different superscripts are significant, P<.05.
groups in CO2 production from lactate by cardiac muscle, regardless of whether CO2 production was expressed per gram of cardiac tissue, on a total organ basis, or on a total organ basis per kilogram of body weight. When total cardiac CO2 production from lactate was expressed per kilogram of ham and loin, both Px M and M• P pigs had lower values than the MX M group. P• P pigs did not differ from Px M, MX P or M• M in this parameter.
Results of this study do not support the hypothesis that decreased capacity for lactic acid utilization by liver and cardiac muscle contributes to lactic acidosis in the PSS. Rate of lactate conversion to CO2 by cardiac muscle or to C02 and glucose by liver was as great or greater in stress susceptible Pietrain pigs than in the other groups studied. It could be hypophysized that chronic hyperlactemia in pigs of the P• group (Elizondo et al., 1976a ) may have induced high levels of enzyme systems involved in hepatic lactatc utilization.
Results of this study do not agree with data published by Dimarco et al. (1976) , who found that stress susceptible Yorkshire pigs had significantly lower in vitro rates of lactate metabolism to either carbon dioxide or glucose by liver slices as compared to stress resistant Yorkshire pigs. Two possibilities may be cited for this discrepancy.
(1) The Pietrain pigs in the present study may have been less stress susceptible than the pigs studied by Dimarco et al. (1976) . This is highly unlikely. Pigs used in the present study were not tested with halothane anesthesia, but were selected from a herd which has been shown to be 88% sensitive (Ilwang, 1976) . (2) Pigs in the present study were subjected to a minimum of stress prior to slaughter while Dimarco et al. (19.76 ) subjected all pigs to 20 rain of halothane anesthesia followed by 5 min of physical exe~'cise stress (if the pigs survived halothane) immediately prior to slaughter. The effects of such wide differences in antemortem stress on lactate metabolism by liver and cardiac muscle are not known. It is known that stress susceptible pigs respond to halothane or strenuous exercise by exhibiting hyperthermia, muscle rigidity and lactic acidosis. It has been shown that the ability of liver (Lloyd et al., 1973) and kidney (Yudkin and Cohen, 1975) to metabolize lactate from the blood is impaired during severe lactic acidosis. Even in the absence of a hyperthermic response, halothane administration may result in aberrant liver function. Johnstone et al. (1976) , citing both severe hepatotoxicity and a milder form of liver damage as induced by halothane administration in humans, studied the responses of healthy men to halothane-oxygen ancsthesis (without surgery). Abnormal elevations of serum bilirubin, alanine aminotransferase and aspartate aminotransferase were observed which may indicate early stages of liver-cell damage. Based on the foregoing observations we intentionally avoided the use of halothanc and attempted to minimize the antemortem stress on the experimental animals.
Cardiac muscle and liver are not the only tissues able to utilize lactate. The kidneys can also contribute to lactate clearance from the blood (Yudkin and Cohen, 1975) . O'Hea and Leville (1969) have demonstrated that swine adipose tissue slices effectively utilize lactate for lipid synthesis when incubated with low concentrations of glucose. Pietrain pigs generally have much less subcutaneous adipose tissue than Minnesota No. 1 pigs and thus, on a total body basis, would have less capacity for lactate uptake by adipose tissue. It is recognized that stress susceptible pigs are often heavy muscled with little subcutaneous adipose tissue (Sybesma, 1972; Topel 1972) . However, it has not been established whether adipose tissue contributes significantly to lactic acid uptake in vivo during episodes of severe lactic acidosis.
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